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[57] ABSTRACT

Double-Heterojunction Laser”’—pp.

~ A semiconductor structure and methods for making it,

for use in opto-electronic devices, employs only
MOVPE growth steps. The structure 1s based on a mesa
having substantially non-reentrant sides. To make'it, an
initial semiconductor structure is produced which com-
prises a substrate with a mesa thereon, the mesa having
a self-aligned, central stripe of metal organic vapour
phase growth suppressing material on its uppermost
surface. Burying layers are then grown by MOVPE at
either side of the mesa, the stripe removed, and cover-
ing layers grown over the mesa and adjoining regions of
the burying layers. To make an opto-electronic device,
a silica window can be formed on the uppermost surface
of the covering layers and contacts provided through
the window and to the remote face of the substrate.
Two methods of making the initial semiconductor
structure are described. Devices such as optical detec-
tors and waveguides can be made using methods ac-
cording to the invention. Particularly importantly,
semiconductor lasers which will operate in a single

transverse mode can be made.

25 Claims, 5 Drawing Sheets
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SEMICONDUCTOR STRUCTURE WITH FLARED
MESA BURYING LAYERS

This is a division of application Ser. No. 07/019,591,
filed 2 Mar. 1987, Patent No. 4,864,581.

FIELD OF INVENTION

The present invention relates to semiconductor struc-

tures and methods of making them. It finds particular
application in the field of opto-electronic devices such
as semiconductor lasers, and their manufacture.

BACKGROUND OF THE INVENTION

A known family of opto-electronic devices has the
following central structure: a substrate of semiconduc-
tor material having a mesa thereon, with burying layers
on either side of the mesa. Such a device is described by
O Mikami et al in “1.5 um GalnAsP/InP Buried Hete-
rostructure Lasers Fabricated by Hybrid Combination
of Liquid—and Vapour-Phase Epitaxy”, Electronics
Letters, 18 (5) (4.3.82) pages 237-239. The word “mesa”
in this context is used to describe an upstanding stripe
having steep sides and a flat top.

The devices of the family include a p-n junction
across which current flows (the conventional current
from p to n) and a waveguide region to which light is
confined. The waveguide region may comprise an “‘ac-
tive layer” in which electrons and holes combine with
the production of photons by radiative recombination.
Such an active layer has to relate suitably in band gap
and refractive index to the other semiconductor regions
of the structure in order to achieve a suitable degree of
“confinement” of these processes to the active layer.
The layers of material to either side of the waveguide
region and in contact with the opposite faces of the
waveguide region are known as “confinement layers”.

A major field of application of semiconductor optical
devices is in optical fibre communications systems. In
general, the devices are constructed out of materials
whose elemental components are selected from Groups
II1 and V of the Periodic Table. Silica optical fibres as
produced in recent years have loss minima at 1.3 um
and 1.55 um approximately, the latter minimum being
the lower. Accordingly, there is an especial need for
devices operating in the range from 1.1 to 1.65 um,
especially from 1.3 to 1.6 um. (These wavelengths, like
all the wavelengths herein except where the context
indicates otherwise, are in vacuo wavelengths). Semi-
conductor lasers operating in this region of the infrared
usually comprise regions of indium phosphide, InP, and
of quaternary materials indium gallium arsenide phos-
phides, InxGaj _xAs,P1_,. By suitable choices of x and
y it is possible to lattice-match the various regions while
varying the band gaps of the materials. (Band gaps can
be determined experimentally by, for example, photolu-
minescence). Additionally, both indium phosphide and
the quaternary materials can be doped to be p- or n-type
as desired.

Describing a selected device of the known family, a
semiconductor laser, with its mesa uppermost, it has an
active layer within the mesa. Electrical contacts are
provided to the mesa and on the furthermost face of the
substrate from the mesa. The “confinement” required is
provided optically in a vertical direction, by changes in
refractive index of the semiconductor material, and
both optically and electrically in a horizontal direction
by the burying layers. The burying layers act to cause
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any current flowing between the contacts to flow pref-
erentially through the mesa and therefore through the
active layer. In one form, the burying layers may pres-
ent non-conducting semiconductor junctions to current
flow between the contacts in use of the device.

Good electrical confinement is provided if the semi-
conductor layers between the contacts constitute a p-n
junction and the burying layers in combination with the
substrate constitute an n-p-n junction when taken in the

same direction. In use the burying layers and substrate
then comprise a reverse biased semiconductor junction
in both directions. Alternatively the burying layers and
substrate could present multiple reverse biased semicon-
ductor junctions in one or both directions.

In another form, the burying layers may comprise
“semi-insulating” materials such as Fe doped InP.
These materials have a relatively high resistivity com-
pared to for instance undoped InP. Burying layers in
this form have advantages in that they substantially
completely oppose current flow and show low capaci-
tance effects. Low capacitance effects tend to increase
device speed. |

In the past devices of this type have been fabricated
by means of liquid phase epitaxy (LPE). However there
are problems assoctated with these techniques such as
solutal convection within the melts, inaccurate thick-
ness control of the burying layers and meltback of the
mesas during fabrication. These have led in particular to
lack of uniformity over large areas and the techniques
do not lend themselves easily to large scale production.

In the disclosure by O Mikami et al, a method for
manufacturing a device with resistive burying layers is
described. The layers which will constitute the mesa,
comprising InP and quaternary layers, are grown on a
semiconductor wafer by LPE, the mesa being produced
by chemical etching on either side of a Si3zN4 masking
stripe. The burying layers, of high-resistivity InP, are
then grown by vapour phase exitaxy (VPE) to either
side of the mesa. The Si3Nj stripe remains during the
VPE growth stage, preventing growth on the upper
surface of the mesa itself, and is only subsequently re-
moved.

The characteristics of two lasers produced by O
Mikami et al are claimed to be as follows:

1

(1) active layer thickness 0.2 um

(i1) active layer wideth 4 um

(iii) pulsed threshold current about 85 mA

2 _

(1) active layer thickness 0.2 pm

(i) active layer width 10 um

(iii) pulsed threshold current about 800 mA to 500 mA.
(iv) single longitudinal mode output at wavelength

1.525 pm

The Mikami LPE-VPE hybrid technique solves the
problem of meltback of the mesas during fabrication but
still suffers from disadvantages. It retains an LPE
growth step and therefore still does not lend itself to
large scale production, a significant leakage current has
been observed in the burying layers and the Si3N4 stripe
shows a tendency to be bridged by the burying layers
when the width of the stripe 1s reduced.

An alternative growth technique, metal organic va-
pour phase epitaxy (MOVPE), has been found promis-
ing for large scale device production. It offers a highly
desirable combination of features: atomic scale interface
abruptness, precise compositional control, and unifor-
mity of thickness and composition over a large area.
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Unfortunately it has not been found possible merely
to replace the LPE and VPE growth steps of the
Mikami technique with MOVPE growth steps. If this
were possible, a structure having the better current
confinement of reverse biased junction burying layers
would be produced, with a concomitant, higher poten-
tial output power. Although MOVPE could be used to
grow the layers of the mesa, the successful growth of
the burying layers in the Mikami technique depends on
the growth characteristics of VPE. The chemical etch-
ing step of the Mikami technique produces a mesa of a
characteristic cross section. If MOVPE is used to try
and grow burying layers on such a mesa, instead of
laterally extending burying layers, upstanding “ears” of
InP have been found to develop, the lateral surfaces of
the mesa not being continuously covered.

A method of fabricating buried mesa structure lasers
using only low pressure “metalorganic chemical vapour
deposition” (LP-MOCVD) epitaxial growth steps is
outlined in the following paper: “Very LLow Threshold
Buried Ridge Structure Lasers Emitting at 1.3 um
Grown by Low Pressure Metalorganic Chemical Va-
pour Deposition’” by M Razeghi et al, Applied Physics
Letters, 46 (2) (15.1.85) pages 131-133. (MOCVD is an
alternative term for MOVPE.) The method comprises
the steps of growing onto an InP substrate, an n-doped
InP confinement layer, an undoped GalnAsP active
layer, and a p-doped InP layer for avoiding the forma-
tion of defects near the active layer during etching.
Etching using a mask, the active layer is reduced to a
mesa. After removing the mask, the mesa is covered by
a p-doped InP layer and a p-doped GalnAs cap layer.

All the growth steps of the above method are per-
formed by low pressure MOVPE and hence large scale
production should be facilitated. Further it is particu-
larly convenient since only one growth technique must
be employed. However, the devices produced either
rely on a built-in potential difference between the large
area p-n homo-junctions to each side of the active re-
gion and the p-n heterojunction through the relatively
small area active region itself or involve a more compli-
cated fabrication process. Although a lowest measured
threshold current of 11 mA using continuous wave
operation has been quoted, the values given for mea-
surements relating to 269 devices were varable in the
range from 17.9 mA to 50.0 mA inclusive. 44.6% of
these devices had a threshold current of more than 45

mA. Further, an optical power emission of only up to 15
mW is quoted.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an

improved semiconductor structure and methods of
manufacture thereof.

Hereinafter, structures and devices may be described
in terms, such as “uppermost”, which imply a specific
orientation of the structure or device. The use of such
terms 1s for convenience of description only and should
not be taken to limit any structure or device to a specific
orientation.

According to a first aspect of the present invention
there is provided a semiconductor structure comprising
a substrate having a mesa thereon, the uppermost layer
of the mesa being provided by InP, and the lateral sur-
faces of the mesa being substantially non-reentrant, said
lateral surfaces being buried by burying layers whose
uppermost surfaces extend upwards and away from the
uppermost surface of the mesa to form a flared groove.
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Semiconductor structures according to embodiments
of the present invention have the advantage that they
can be fabricated using MOVPE for all growth steps
while having InP as the material of the uppermost part
of the mesa. InP offers particularly good optical and
electrical confinement characteristics.

It 1s important for growth of the burying layers by
MOVPE that the lateral surfaces of the mesa are not
substantially re-entrant. In particular it is preferable that
the uppermost layer of the mesa should not contribute
(III)A planes to the lateral surfaces. There should not be
an overhang of any part of either of the lateral surfaces
equal to more than 109% of the width of the uppermost
surface of the mesa. More preferably any overhang
should not be equal to more than 5% of the width of the
uppermost surface of the mesa or there should be no
overhang, the mesa being vertically sided or even ta-
pered towards its uppermost surface.

According to a second aspect of the present invention
there is provided a method of making a semiconductor
structure, which method comprises the steps of:

(1) depositing a layer of metal organic vapour phase
growth suppressing material on a semiconductor
wafer having an InP uppermost layer;

(11) selectively etching the growth suppressing material
to form a stripe of said material extending in the
< 110> crystallographic direction of the wafer;

(iii) creating the mesa under the stripe, the mesa having
substantially non-reentrant lateral surfaces;

(iv) growing burying layers by metal organic vapour
phase epitaxy to bury the lateral surfaces of the mesa;
and

(v) removing the stripe of growth suppressing material.
By making an initial semiconductor structure as

above, the stripe of growth suppressing material can be

produced so as to be self aligned, and centrally placed
on the mesa.

The growth suppressing material may for instance
comprise silica.

Preferably the stripe of growth suppressing material
1s substantially equal in width to the width of the upper-
most surface of the mesa. This facilitates growth of the
burying layers. For instance, the width of the stripe
should not be more than 0.4 um greater or less than the
width of the uppermost surface of the mesa.

In certain cases it can be difficuit to achieve a stripe
of growth suppressing material. It has been found that a
method of enhancing the growth suppressing properties
of the surface of certain materials, such as silica, is to
subject that surface to a temperature which lies in the
range from 600° C. to 700° C. inclusive for a period of
at least one minute in the present of PH;. It may be
found preferable to increase that period to more than
three or even more than five minutes.

There is more than one method of carrying out steps
(11) and (ii1) above. A first method comprises:

(a) forming a mask of resist material on the layer of
growth-suppressing material;

(b) etching the layer of growth-suppressing material,
using the resist mask, such that the mask is undercut;

(c) reflowing the resist material of the mask so that the
portions of the mask which are undercut drop into
contact with the semiconductor wafer:

(d) etching the semiconductor wafer using the resist
mask to create the mesa; and

(e) removing the mask of resist material.

A second method comprises:
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(f) forming a mask of resist material on the layer of
growth-suppressing material;

(g) selectively etching the layer of growth suppressing
material by means of the resist mask to form a double
layered mask; - 5

(h) etching the semiconductor wafer using the double
layered mask to create the mesa; and

(i) removing the mask of resist material, |

wherein step (i) is preceded by oxidation of the upper-

most surface of the wafer so as to degrade the integrity

of the subsequent interface between said uppermost
surface and the layer of metal organic vapour phase
growth-suppressing material.

The oxidation may be carried out by flowing an oxi-
dising gas or gas mixture, such as a nitrogen and oxygen
mixture, over the uppermost surface of the wafer.

A particularly important application of the present
invention is in the production of lasers which will oper-
ate in a single transverse mode. These lasers are of
major importance in optical communication systems. 20
Such lasers can be produced from semiconductor struc-
tures made by the method of the present invention In
which the uppermost surface of the mesa is restricted to
being not more than 5 pm wide.

BRIEF DESCRIPTION OF THE DRAWINGS

A single transverse mode semiconductor laser, and
methods for making it, according to embodiments of the
present invention will now be described, by way of
example only, with reference to the accompanying Fig- 30
ures in which: |

FIG. 1 shows a double heterostructure wafer for use
in making the laser;

FIGS. 2a to 2f show stages in production of an initial
semiconductor structure from the wafer of FI1G. 1;

FIGS. 3a to 3f show stages in an alternative method
of producing the initial semiconductor structure from
the wafer of FIG. 1;

FIG. 4 shows a semiconductor structure which com-
prises the initial semiconductor structure after burying
layers have been grown;

FIG. 5 shows the structure of FIG. 4 overgrown
with a covering layer;

FIG. 6 shows the completed laser;

FIG. 7 shows a graph of output power in mW plotted
against bias current for a completed laser; |

FIG. 8 shows the pulse response of a completed laser
to current pulse modulation; and

FIG. 9 shows a histogram of threshold currents mea-
sured for a plurality of lasers.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

Each of FIGS. 1 to 6 above shows only a portion of
the wafer and stages in the production of only a single 55
laser using that portion of wafer.

FIGS. 1 to 6 are not drawn to scale. They represent
cross sections in each case but cross hatching is omitted
for the purpose of clarity. |

Referring to FIG. 6, a completed laser comprises a 60
layered mesa 3,4,5 on a substrate 2. The mesa 3,4,5 has
sidewalls which taper towards its uppermost surface 15.
The sidewalls are buried by burying layers 8, 9 whose
uppermost surfaces 17 extend upwards and away from
the uppermost surface 15 of the mesa to form a flared 65
groove,

Referring to FIG. 1, the first stage in production of
the laser is to produce a double heterostructure wafer 1.
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The base layer 2 is a 200 um (100) orientated S doped
InP layer with the doping level n approximately equal
to 8x 1018 cm—3. Onto the base layer are grown the
following three layers 3, 4, §: a 0.5 um S doped InFP
layer 3, n approximately equal to 2X 1018 cm—3; a 0.4
um undoped GalnAsP layer 4; and a 0.3 um Cd doped
InP layer 5, p approximately equal to 5X10!7 cm—3.
The GalnAsP layer 4 has a bandgap equivalent of 1.52
um as determined by photoluminescence. The layers 3,
4, 5 are lattice matched, being grown by MOVPE under
normal growth conditions.

Referring to FIG. 24, a fifth layer 6 of SiO; is next
deposited. This layer is grown by chemical vapour
deposition (CVD), from a mixture of SiH4and O as the
active gas, to a thickness of between 100 nm and 300
nm. Growth is carried out at a temperature of 450° C.

Referring to FIG. 2b, Waycoat W43 negative photo-
resist material is used to form a mask 7 comprising a
stripe 5 wm wide which extends in the < 110> direction
with respect to the wafer 1. The mask 7 is exposed and
developed in the normal manner then baked at 150° C.
for 45 secs to prevent the resist from lifting during the
next step.

Referring to FIG. 2¢, the SiO3 (silica) is etched using
the mask 7 by Countdown “‘silox etch”. Etching is iso-
tropic and therefore the photoresist mask 7 is undercut
with a 1:1 undercut to depth ratio. By periodic observa-
tion with a microscope, the extent of silica remaining
under the mask 7, which is transparent, can be deter-
mined and etching is continued until a stripe 16 of silica
1 um wide remains. Only the silica is etched by this
etchant, the layer below it not being affected. Immedi-
ately after etching the sample is stored in a desiccator at
10° C. for at least half a day to remove occluded water
from beneath the undercut resist. If this is not done, and
water remains, the edges of the resist may not be uni-
form after the next processing stage. |

Referring to FIG. 24, in order to seal the 1 um silica
stripe 16, the sample is heated at 150° C. for 5 mins. This
causes the stripe of the photoresist mask 7 to soften and
flow to the extent that the undercut portions drop onto
the semiconductor surface, sealing in the SiO; stripe 16
and restoring the effective mask width to approximately
5 um.

Referring to FIG. 2e, the next stage is to etch a mesa,
using the reflowed photoresist as a mask 7. ‘The quater-
nary layer of the wafer substrate forms an active layer
in the mesa. It can be desirable that the sides of the mesa
should be smooth. If this is so, subsequent growth reli-
ability and reproducibility can be enhanced. Further,
smooth sides can lead to improved performance In a
completed laser. In order to obtain smooth sides of the
mesa, an etchant which will etch the different layers 2,
3, 4, 5 of the double heterostructure wafer, including
the active layer, at substantially equal rates should be
used. In the present method a 0.2% solution of bromine
in methanol at 20° C. is used but other etchants could be
used, such as a solution of bromine in acetic acid. This
produces a mesa having only a relatively slight shoulder
at the level of the active layer 4.

Again, the extent to which the photoresist mask 7' is
undercut during etching can be monitored using a mi-
croscope. Etching is continued until the uppermost
surface 15 of the mesa is in the range from 1.2 pm to 1.5
um wide. This dimenston range is desirable for correct

operation of the completed laser.

The dimensions given for the stripe 16 of S102 and the
mesa may of course be varied but preferably, for the
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purpose of reliability, the stripe 16 of SiO; should be not
more than 0.4 pm different in width to the uppermost
surface 135 of the mesa.

The use of the resist mask 7' in etching the mesa is
thought to produce a tapered mesa because the mask 7'
does not adhere strongly to the material of the wafer, in
contrast to silica masks. The latter tend to produce
mesas with strongly reentrant lateral surfaces. Resist
materials other than the photoresist material specified
above may also be found satisfactory. However it must
be possible to reflow the material of the resist mask 7 so
as to seal the silica stripe 16, by heat or otherwise.

Referring to FIG. 2f after etching of the mesa the
photoresist mask 7’ is removed. Removal is carried out
using Indust-Ri-Chem Lab resist strip J100 and metha-
nol and the silica stripe 16 is left intact. This sample is
then cleaned using H;SO4, rinsed in deionised water
and blown dry. The sample at this stage represents the
initial semiconductor structure onto which the burying
layers are grown, and can be described as a substrate
having a mesa thereon, a stripe 16 of silica being cen-
trally positioned on the mesa.

Referring to FIGS. 3a to 3f in an alternative method
of making the initial semiconductor structure, again a
double heterostructure wafer 1 as shown in FIG. 1 is
the starting point. However in this second method the
first step is to oxidise the uppermost surface of the wafer
to degrade a subsequentt interface with silica growth-
suppressing material.

To oxidise the surface, a mixture of nitrogen and
oxygen 1s flowed over the wafer 1 for a few minutes,
generally less than ten minutes. A mixture of approxi-
mately one part O3 to five parts N3 is appropriate but the
flow time and mixture proportions are inter-dependent
and the combination must generally be determined by
experiment. It may be found for instance that considera-
bly lower proportions of O3 can be effective.

Referring to FIG. 3¢, 0.27 pum of silica 6 is then de-
posited immediately onto the oxidised uppermost sur-
face of the wafer 1 without disturbing the sample.

Referring to FIG. 35, Waycoat negative photoresist
material 1s again used to form a mask 7 comprising a
stripe which extends in the < 110> direction with re-
spect to the wafer 1. The stripe in this case is less than
5> um wide, being for instance from 4 to 4.5 um wide
where a mesa of depth 1.5 um is intended. The mask is
then baked as before, prior to etching the silica layer 6.

Referring to FIG. 3¢, the silica layer 6 is etched using
the resist mask 7, to create a double layered mask 16, 7.

Referring to FIG. 34, the mesa is then etched using
0.2% Br/MeOH as before. Etching is carried out for a
pre-selected time period so as to achieve the required
depth. The result is a mesa supporting the double lay-
ered mask 16, 7, the mask overhanging the lateral sur-
faces of the mesa.

Because the overhanging silica can cause difficulty in
later stages of the laser fabrication, it is removed. Firstly
the sample is rebaked so as to seal the resist mask 7 to
the silica stripe 16 but without any significant change in
profile of the resist mask 7. Then the sample is placed in
buffered HF for a time sufficient to etch away the over-
hanging silica from beneath where the silica is exposed.

Referring to FIG. 3¢, the result of etching the over-
hanging silica as above is to reduce the silica stripe 16 to
a width slightly less than that of the uppermost surface
15 of the mesa. The side surfaces of the stripe 16 slope
outwards towards the resist mask 7. This sloping char-
acteristic 1s a result of the rebaking step which seals the
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resist mask 7 to the silica stripe 16, and is advantageous
when burying layers are subsequently grown.

Referring to FIG. 3f after etching of the overhang-
Ing silica, the resist mask 7 is again removed using In-
dust-Ri-Chem lab resist strip J100 and methanol. This
leaves a mesa with a stripe 16 of silica on top, the upper-
most surface 15 of the mesa being exposed over a nar-
row distance at each edge.

Under difterent conditions, such as where a relatively
shallow mesa is etched, the silica stripe 16 may not
overhang the mesa to any great extent and may not
require the etching step above to remove overhanging
material. It has been found that adequately grown bury-
ing layers 8, 9 can be achieved even when the silica
stripe 16 overhangs the mesa edges slightly. That is, the
silica stripe 16 does not cause voids to develop adjacent
the mesa as the burying layers 8, 9 are grown. In prac-
tice it 1s preferable that the width of the silica stripe 16
should be not more than 0.4 um wider or narrower than
the width of the uppermost surface 15 of the mesa.

Although both methods described above for making
an initial semiconductor structure, with reference to
FIGS. 2a to 2f and 3a to 3f respectively, result in a
tapered mesa, it is only necessary that the mesa should
have substantially non re-entrant sidewalls. For instance
there should not be an overhang of any part of either of
the lateral surfaces equal to more than 10% of the width
of the uppermost surface 15 of the mesa. Preferably any
overhang should not be equal to move than 5% of the
width of the uppermost surface 15 of the mesa. If the
sidewalls of the mesa overhang to too great an extent
then satisfactory, burying layers cannot be grown subse-
quently by MOVPE.

Referring to FIG. 4, the burying layers 8, 9 are grown
in two stages onto the initial semiconductor structure: a
0.4 um Cd doped InP layer 8, p approximately equal to
5X 1017 cm—3; and a 0.8 um S doped InP layer 9, n
approximately equal to 1X 1017 cm—3. Growth condi-
tions again are generally as is normal for MOVPE
growth but before growth starts, the sample is heated to
650° C. for 5 mins in the presence of PHj. This treat-
ment acts to enhance the action of the silica as a
MOVPE growth-suppressing material even at stripe
widths as low as | um or so.

It should be noted that the period for which the sam-
ple must be heated in the presence of PH3; will vary

"according to the conditions applied. For instance, if the

concentration of PHj is increased, the period may be
reduced to three minutes or even to only one minute.

The resultant layers 8, 9 as can be seen in FIG. 4, are
grown so that the first layer 8 reaches the height of the
mesa and the second layer 9 grows onto the exposed
portions of the uppermost surface 15 of the mesa, adja-
cent to the S10; stripe 16. Importantly however, be-
cause of the presence of the PHj treated silica stripe 16,
the second layer 9 does not cover the mesa, developing
an outwardly inclined facet 17 on each side of the stripe
16, thus leaving the stripe 16 exposed at the bottom of a
V-shaped groove. |

Although 1t 1s possible that the silica stripe 16 does
not entirely prevent all growth on its surface during
formation of the burying layers 8, 9, it should do so to
the extent that the second burying layer 9 forms the
flared groove, allowing sufficient access to the silica
stripe 16 for its subsequent removal.

Referring to FIG. §, when the burying layers 8, 9 are
complete the silica stripe 16 is removed and two further
epitaxial layers, the covering layers 10, 11, are grown.
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The silica stripe 16 is removed in a 40% aqueous solu-

tion of HF and the two covering layers 10, 11 are

grown, as are the earlier epitaxial layers, by MOVPE.
Again normal growth conditions for this technique are
applied. The covering layers 10, 11 comprise a 1 um Cd
doped InP layer 10, p approximately equal to 2 1018
cm—3, and a 0.15 um Zn doped GalnAs layer 11, p
approximately equal to 4x 101% cm—3.

As can be seen in FIG. §, the covering layers 10, 11
present a planar uppermost surface 20 in the region
which lies over the mesa and the adjoining areas of the
burying layers 8, 9. The planar surface 20 has a width
which is greater than three times the width of the active
layer of the mesa. (It should be noted that the planar
surface 20 is not necessarily achieved by the method
described above although such a surface can be com-
monly achieved.) _

Referring to FIG. 6, the final laser structure is com-
pleted by the conventional steps of providing a contact
window 18 over the mesa, in a silica layer 12, and
contacts 13, 14, 19 to the window 18 and to the oppos-
ing face of the laser. The contact 13, 14 to the window
18 is a sputtered Ti Au tunnelling Schottky contact,
which may include a Pt barrier layer, while the contact
19 to the laser’s opposing face is a sputtered and alloyed
Ti-Au contact.

This final laser structure can be mounted (not shown)
on a heat sink by soldering the heat sink to the contact
13, 14 to the window 18. Because of the planar surface
20, the solder need only have a thickness such as to
accommodate the steps produced by the contact win-
dow 18. Hence the heat sink can be brought into close
proximity to the semiconductor material of the mesa.

Some typical operating characteristics of a laser fabri-
cated as described above are shown in FIG. 7. A thresh-
old current of 15 mA at 20° C. and an output power of
28 mW have been obtained, using continuous wave
operation. In pulsed wave operation, an output power
of 39 mW has been obtained.

In further testing of lasers made as described above,
measurements of differential resistance have shown a
consistent value above threshold of 6 ohms which indi-
- cates negligible loss of injected current through the
burying layers 8, 9. This provides direct evidence that
the positioning and integrity of the p-n junction of the
burying layers 8, 9 were good. Temperature depen-
dence of the threshold current was characterised by a
To value of 50° K. which is typical of 1.5 pm InGaAsP
lasers and the measured external quantum efficiency of
the laser was found to be 20%. Near circular far field
patterns of 38° perpendicular and 32° parallel to the
junction plane were obtained, reflecting the ability of
the method of the present invention to provide control
of the critical waveguide dimensions.

Speed measurements were carried out using a Tex-
tronix S6 sampling head. The pulse response, shown In
FIG. 8, of a device biased at 20 mA and modulated by
a 20 mA current pulse gave values for rise and fall times
(10-90%) of 750 psecs and 1 nsec respectively. This
indicates a systems capability of at least 565 mbits/sec.

Although the method of the present invention is de-
scribed above with reference to only one laser, in prac-
tice a plurality of lasers can be fabricated using a com-
mon double heterostructure wafer. In order to investi-
gate the large area capability of the method, 105 lasers
were selected randomly from an area of 4 cm? of a
~ wafer, the mesas of the lasers being parallel and spaced
apart with a period of 200 um. Each laser was obtained
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by cleaving and scribing, typical device dimensions
being 200 um wide by 400 um long. 81 of the lasers
were found to be functional. A histogram of threshold
currents, Ip, shown in FIG. 9, was plotted for the 81
working lasers. More than 70% of the working devices,
that is, 54% of the total sample of 105 devices, had
threshold currents of less than 30 mA, providing clear
evidence of the large scale uniformity of the method.

Only one laser structure has been described above.
Other structures may also be found effective; for in-
stance variation in the thickness of the various layers
may be made. In particular, the position of the n-p junc-
tion in the burying layers may be brought closer to the
p-n junction in the mesa by growing a shallower first
burying layer. This may be more difficult to achieve
reproducibly in practice but may provide more efficient
electrical confinement to the active layer. Further, ei-
ther fewer or more layers may be provided, such as
extra quaternary layers above and below the active
layer where a distributed feedback grating 1s provided.
Extra layers may also be used to provide a second n-p
junction within the burying layers.

It may be noted that methods according to the pres-
ent invention are particularly convenient for use In
making distributed feedback lasers because corruga-
tions can conveniently be incorporated into the upper-
most surface of the mesa.

Devices such as optical detectors or optical wave-
guides may also be made using methods according to
the present invention which is not limited to the pro-

duction of semiconductor laser.

I claim:
1. A semiconductor structure comprising:
a substrate having a mesa thereon,
the uppermost layer of the mesa being provided by
InP,

wherein the lateral surfaces of the mesa are substan-
tially non-re-entrant, said lateral surfaces being
buried by burying layers whose uppermost surfaces
extend upwards and away from the uppermost
surface of the mesa to form a flared groove,

at least one covering layer being disposed over said

uppermost surface of the mesa and said flared
groove; and

electrodes disposed on said substrate and covering

layer.

2. A semiconductor structure according to claim 1
wherein the burying layers consist of material grown by
metal organic vapour phase epitaxy and have a shape
characteristic of such growth technique.

3. A semiconductor structure according to claim 1 or
2 wherein the mesa tapers substantially along all its
lateral surfaces towards its uppermost surface.

4. A semiconductor structure according to clamm 1 or
2 wherein the mesa comprises an active layer.

5. A semiconductor structure according to claim 4
wherein the active layer comprises gallium indium arse-
nide phosphide.

6. A semiconductor structure according to claim 1 or
2 wherein the substrate comprises at least one layer of
indium phosphide. :

7. A semiconductor structure according to claim 1 or
2 wherein the burying layers comprise indium phos-
phide. |

8. A opto-electronic device comprising a semicon-

~ ductor structure according to claim 1 or 2 wherein said

mesa includes an active light emitting layer.
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9. A semiconductor laser comprising a semiconduc-
tor structure according to any one of the preceding
claims 1 or 2 wherein said mesa includes an active light
emitting layer optically confined to form a resonant
lasing cavity.

10. A semiconductor laser device comprising:

a semiconductor substrate having a first electrode

structure on one side;

a mesa formed on said substrate and having at least

three semiconductor layers therein, at least one of |4

such mesa layers being capable of emitting light in
response to current passing therethrough and being
disposed between other mesa layers having a lower
refractive index than the refractive index of the
light emitting mesa layer;

a first burying layer of semiconductor disposed on
either side of said mesa and substantially covering
both lateral side surfaces of the mesa, said first
burying layer also having a lower refractive index
than that of the light emitting mesa layer;

a second burying layer of semiconductor disposed on
top of said first burying layer and extending onto
the top lateral edges of the uppermost mesa layer
and having uppermost opposed surfaces extending
first upwardly and then away from the top surface
of the mesa to form a flared groove inside the lat-
eral top surface edges of the mesa;

at least one covering layer of semiconductor extend-
ing over said flared groove and said second bury-
ing layer, and

a second electrode structure disposed on said at least
one covering layer.

11. A semiconductor device comprising:

a substrate having a first electrode on one side and a
multi-layered mesa on another side;

said mesa having lateral sloping surfaces which are
substantially non-re-entrant;

a first burying layer disposed along each lateral mesa
surface and substantially covering it up to the
upper lateral edges of the mesa;

a second burying layer disposed over and in contact
with the first burying layer and extending over and
inside the upper lateral edges of the mesa to form a
flared groove thereabove;

at least one covering layer formed over said flared
groove and said second burying layer; and

a second electrode structure disposed on said at least
one covering layer.

12. A semiconductor structure comprising:

a substrate having a mesa thereon, the uppermost
layer of the mesa being provided by InP, wherein
the lateral surfaces of the mesa are substantially
non-re-entirant,

said lateral surfaces being buried by a plurality of
burying layers, the uppermost surfaces of said plu-
rality extending upwards and away from the upper-
most surface of the mesa to form a flared groove,
and

the periphery of the uppermost surface of the mesa
being covered along its lateral edges by at least one
of said burying layers.

13. A semiconductor structure comprising:

a substrate of a first conductivity type;

a mesa formed on the substrate, the mesa having
substantially non-re-entrant sidewalls and includ-
ing a lower buffer layer of material of said first
conductivity type, an active layer on said buffer
layer, and a layer of indium phosphide of a second
(opposite) conductivity type providing an upper-
most surface to said mesa;
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a first burying layer of said second (opposite) conduc-
tivity type formed on said substrate and in direct
contact with said sidewalls of said mesa; and

a further burying layer of said first conductivity type

5 formed on said first burying layer, the upper sur-
faces of said further burying layer extending up-
wards and away from the uppermost surface of the
mesa to form a flared groove.

14. A semiconductor structure as in claim 13, wherein
said further burying layer is grown on one of a plurality
of intermediate burying layers formed on said first bury-
ing layer.

15. A semiconductor structure comprising:

a substrate of a first conductivity type,

the substrate having a mesa thereon, the uppermost

layer of the mesa being provided by InP, wherein

the lateral surfaces of the mesa are substantially
non-re-entrant,

said lateral surfaces being buried by a plurality of

burying layers,

the first grown of said burying layers being of a sec-

ond conductivity type,

the second grown of said burying layers being grown

on said first burying layer and being of said first

conductivity type, and

the uppermost surfaces of said plurality of burying

layers extending upwards and away from the up-

permost surface of the mesa to form a flared
groove.

16. A semiconductor structure as in claim 15, wherein
said plurality of burying layers comprises only said first
and said second burying layer, said second burying
layer providing the uppermost surfaces of said plurality.

17. A semiconductor structure comprising:

a substrate having a mesa thereon,

the uppermost layer of the mesa being provided by

InP, wherein the lateral surfaces of the mesa are

substantially non-re-entrant,

said lateral surfaces being buried by burying layers

whose uppermost surfaces extend upwards and

away from the uppermost surface of the mesa to
form a flared groove, and

the burying layers having a shape characteristic of

having been grown by metal organic vapour phase

epitaxy.

18. A semiconductor structure according to claims
12, 13 or 15 wherein the burying layers each have a
shape characteristic of having been grown by metal
organic vapour phase epitaxy.

19. A semiconductor structure according to claims
12, 13, 15 or 17 wherein the lateral surfaces of said mesa
tapers towards its uppermost surface.

20. A semiconductor structure according to claim 12,
13, 15 or 17 wherein the mesa comprises an active layer.

21. A semiconductor structure according to claim 20
wherein the active layer comprises gallium indium arse-
nide phosphide.
ss  22. A semiconductor structure according to claim 12,

13, 15 or 17 wherein the substrate comprises at least one
layer of indium phosphide.

23. A semiconductor structure according to claim 12,
13, 15 or 17 wherein the burying layers comprise indium

60 phosphide.

24. A semiconductor structure as in claim 12, 13, 1§
or 17 wherein the mesa includes at least one layer capa-
ble of performing an opto-electronic function, said
structure including electrode means.

25. A semiconductor structure as in claim 12, 13, 15

65 or 17 wherein the mesa includes at least one layer pro-

viding a resonant lasing cavity and wherein said struc-

ture includes electrode means.
» » B *
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